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ABSTRACT 
 
 
 
The application of Particle Swarm Optimization (PSO) technique to find optimal 
location of Flexible AC Transmission System (FACTS) devices to achieve maximum 
system loadability. While finding the optimal location, thermal limit for the lines and 
voltage limit for the buses are taken as constraints. Two types of FACTS devices, 
Unified Power Flow Controller (UPFC) and thyristor Controlled Series Compensator 
(TCSC) are considered. The optimizations are performed on three parameters namely the 
location of FACTS devices, their setting and their type. Simulations are performed on 
IEEE 30-bus system for optimal location of FACTS devices and the results obtained are 
encouraging and will be useful n electrical restructuring. 
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ABSTRAK 
 
 
 
Aplikasi bagi Particle Swarm Optimization (PSO) teknik, adalah untuk mencari 
lokasi optimum peralatan Flexible AC Transmission System (FACTS) serta untuk 
mencapai sistem keupayaan beban yang maksimum. Ketika mencari lokasi optimum, 
had terma untuk sempadan dan had voltan untuk bas-bas itu dibawa sebagai kekangan. 
Dua jenis peralatan FACTS yang ditekankan di dalam projek ini ialah Unified Power 
Flow Controller (UPFC) dan Thyristor Controlled Series Compensator (TCSC). 
Pengoptimuman dipersembahkan berdasarkan tiga parameter iaitu lokasi bagi  peralatan 
FACTS, persekitaran mereka dan jenis mereka. Simulasi-simulasi dipersembahkan 
berdasarkan sistem IEEE 30 bas untuk lokasi optimum bagi peralatan FACTS dan 
keputusan yang memperoleh adalah menggalakkan dan akan digunakan dalam membuat 
penyusunan semula elektrik. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
The electric supply industry is undergoing a profound transformation worldwide. 
Market forces, scare natural resources and an ever increasing demand for electricity are 
some of the drivers responsible for such an unprecedented change. Particularly in the 
case of transmission systems, it requires non-discriminatory open access to transmission 
resources. Therefore sufficient transmission capacity for supporting transmission 
services is a great demand to transmission network‟s requirement. Further to meet the 
demand for a substantial increase in power transfers among utilities, as a major 
consequence of electricity market, a much more intensive utilization of existing 
transmission resource is needed. The advent of Flexible AC Transmission Systems 
(FACTS) technology has coincided with the major restructuring of the electrical power 
industry. FACTS can provide benefits in increasing system transmission capacity and 
power flow control flexibility and rapidity. As deregulation picks up speed, making the 
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demand for sufficient services is becoming more critical, it is imperative to investigate 
the capabilities and potential applications of FACTS on power networks [1]-[3]. 
Population based, cooperative stochastic search algorithms are very popular in 
the recent years in the research arena of computational intelligence. Most of the 
population based search approaches are motivated by evolution as seen in nature. 
Particle swarm optimization (PSO), on the other hand, in motivated from the simulation 
of social behavior. In this project, applying PSO technique, the optimal location of 
FACTS devices maximum system loadability, while satisfying the power system 
constraints, for single type (TCSC and UPFC). 
 
  
   
 
1.2 General Introduction of FACTS Devices 
 
 
A FACTS is a system comprised of static equipment used for the AC 
transmission of electrical energy. It is meant to enhance controllability and increase 
power transfer capability of the network. It is generally a power electronics-based 
device. 
FACTS is defined by the IEEE as “a power electronic based system and other 
static equipment that provide control of one or more AC transmission system parameters 
to enhance controllability and increase power transfer capability”. 
FACTS devices are proven to be effective in power grids in well-developed 
countries such as USA, Canada and Sweden. This technology can boost power transfer 
capability by 20-30% by increasing the flexibility of the systems. It can also increase the 
loadability or distance to voltage collapse power system, so that, additional loads can be 
added in the system without addition of new transmission and generating facilities. 
In this project, two types of FACTS devices are considered, which are Unified 
Power Flow Controller (UPFC) and Thyristor Controlled Series Capacitor (TCSC). 
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1.2.1 Unified Power Flow Controller (UPFC) 
 
 
UPFC is shunt and series compensation devices. It is well known that UPFC is a 
powerful and versatile concept for power flow control that has capability of changing 
power flow. The rapid and almost instantaneous responses make it suitable for many 
applications requiring effective steady-state power flow control and/or transient and 
dynamic stability improvement. 
UPFC is capable of providing active, reactive and voltage magnitude control 
under normal and network contingencies conditions without violating the operating 
limits. From the operational point of view, the UPFC may act as a SVC or as a TCSC or 
as a phase shift controller. 
 
 
 
 
1.2.2 Thyristor Controlled Series Capacitor (TCSC) 
 
 
TCSC used in power transmission line can increase the transportability and the 
stability of system, and decrease the system loss significantly. It is one such device 
which offers smooth and flexible control for security enhancement with much aster 
response compared to the traditional control devices.  
TCSC is connected in series with the line conductors to compensate for the 
inductive reactance of the line. It can operate in both capacitive and inductive mode. In 
capacitive mode, it reduces the transfer reactance between the buses at which the line is 
connected, thus increasing the maximum power that can be transmitted and reducing the 
effective active and reactive power losses. 
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1.3 General Introduction of Particle Swarm Optimization (PSO) 
 
 
Particle Swarm Optimization is population based stochastic optimization 
technique developed by Dr. Eberhart and Dr. Kennedy in 1995, inspired by social 
behavior of bird flocking. 
PSO is an extremely simple algorithm that seems to be effective for optimizing a 
wide range of functions. PSO is applied for solving various optimization problems in 
electrical engineering. 
PSO shared many similarities with evolutionary computation techniques such as 
Genetic Algorithms (GA). The system is initialized with a population of random 
solutions and searches for optima by updating generations. However, unlike GA, PSO 
has no evolution operators. In PSO, the potential solutions, called particles, fly through 
the problem space by following the current optimum particles. PSO is easy to implement 
and there are few parameters to adjust. 
 
 
 
 
1.4 Objectives  
 
 
The objectives of this project are: 
i. To understand the concept of Particles Swarm Optimization (PSO) and 
Flexible AC Transmission System (FACTS). 
ii. To find the optimal location of FACTS devices to achieve maximum 
system loadability. 
iii. To identify the best performance of UPFC and TCSC in system 
loadability. 
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iv. To implement the Particle Swarm Optimization technique using the 
MATLAB 
 
 
 
 
1.5 Scope of Work 
 
 
The scopes that will be figure out in this research are: 
i. Simulation and modeling of FACTS devices. 
ii. Implement the PSO technique to find the optimal location of FACTS 
devices in a power system. 
iii. Performing the optimization on three parameters which are the location of 
the devices, their types and their settings. 
 
 
 
 
1.6 Problem Statement 
 
 
The problems that are to be faced in planning stage are appropriate type, location, 
size and setting for these controllers for various applications. This project is based on the 
optimal location problem in the transmission line in a power system. FACTS devices is 
one of the most common devices used in the transmission line. However FACTS device 
has many types and the type has there our model. In this project, we only consider the 
two types of the devices, which are UPFC and TCSC. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Flexible Alternating Current Transmission System (FACTS) Devices 
 
 
FACTS controllers are products of FACTS technology; a group of power 
electronics controllers expected to revolutionize the power transmission and distribution 
system in many ways. FACTS controllers are beginning to appear in the developing 
countries to appear in the developing countries, as the need for such controllers are 
recognized well by research communities in this area, and electric power utilities. The 
FACTS controllers clearly enhance power system performance, improve quality of 
supply and also provide an optimal utilization of the existing resources [4]. 
There are several methods for finding the optimal locations of the FACTS 
controllers in vertically integrated systems as well as unbundled power systems. Other 
works have incorporated FACTS controllers in optimal power flow formulation with 
different objective functions [10]. 
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2.1.1 Unified Power Flow Controller 
 
 
The UPFC consists of two identical voltage-source inverters: one in shunt and 
the other one in series with the line; the general scheme is illustrated in Figure 2.1. Two 
inverters, namely shunt inverter and series inverter, which operate via a common DC 
link with a DC storage capacitor, allow UPFC to independently control active and 
reactive power flows on the line as well as the bus voltage. Active power can freely flow 
in either direction between the AC terminals of the two inverters through the DC link. 
Although, each inverter can generate or absorb reactive power at its own AC output 
terminal, they cannot internally exchange reactive power through DC link. The VA 
rating of the injected voltage source is determined by the product of the maximum 
injected voltage and the maximum line current at which power flow is still provided [8]. 
 
 
 
Figure 2.1: UPFC Configuration 
 
The shunt inverter provides local bus voltage control when operated by itself. 
When operated in conjunction with the series inverter, the shunt inverter has two 
functions which are to control bus voltage by reactive power injection to the power 
system and to supply active power to the series inverter via the DC link for series flow 
control. 
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The series inverter, on the other hand, provides line power flow by injecting AC 
voltage with controllable magnitude and phase angle at the power frequency, in series 
with the line via an insertion transformer. This injected series voltage is, in effect, a 
synchronous series AC voltage source, which provides active series compensation for 
line voltage control and angle regulation through the transmission line current. The 
transmission line currents flow through this voltage sources resulting in active and 
reactive power exchange between the inverter and the AC system. The active power 
exchanged at the series AC terminal is converted by the inverter into DC power that 
appears at the DC link as positive or negative active power demand and transfer to the 
other converter located at the other side of the line [8]. 
 
 
 
 
2.1.2 Thyristor Controlled Series Compensator 
 
 
TCSC controllers use Thyristor-Controlled Reactor (TCR) in parallel with 
capacitor segments of series capacitor bank. The basic structure of the device is shown in 
Figure 2. The combination of TCR and capacitor allow the capacitive reactance to be 
smoothly controlled over a wide range and switched upon command to a condition 
where the bi-directional thyristor pairs conduct continuously and insert and inductive 
reactance into the line. 
For operation in the capacitive region, the maximum voltage constrains 
operation, whereas inductive operation is limited by the maximum firing delay (α). 
Between these constraints is an additional limiting characteristics related to harmonics, 
which can cause additional heating in the surge reactor and thyristors [8]. 
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Figure 1.2: Basic structure of TCSC 
 
 
 
 
2.2 Power System Limit 
 
 
For reliability, power system has to be operated within power transfer limits. The 
limits will constrain the generation and transmission of active and reactive power in the 
system. They are usually divided into three broad categories, namely thermal, voltage 
and stability limits. In this project, while finding the optimal location, thermal limit for 
the lines and voltage limit for the buses are taken as constraints. 
 
 
 
 
2.2.1 Thermal Limit 
 
 
 Thermal limits are due to thermal capability of power system equipments. As 
power transfer increases, current magnitude increases a key to thermal damage. For 
examples in a power plant, sustained operation of units beyond their maximum operation 
limits will result in thermal damage. The damage may be to the stator windings or to 
rotor windings of unit. Both active and reactive powers play a role to current magnitude. 
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 Out in the system, transmission lines and associated equipment must also operate 
within the thermal limits. Sustained excessive current flow on an overhead line causes 
the conductors to sag thus decreasing the ground clearance and reducing safety margins, 
extreme levels of current flow will eventually damage the metallic structure of the 
conductors producing permanent sag. 
 Unlike overhead lines, underground cables and transformers must depend on 
insulation other than air to dissipate the generated heat. These types of equipment are 
tightly restricted in the amount of current they can safely carry. For the equipment, 
sustained overloading will result in a reduction in services life due to damage to the 
insulation. Most power system equipment can be safely overloaded. The important 
aspect is how much is the overload and how long it does [8]. 
 
 
 
 
2.2.2 Voltage Limit 
 
 
Both utility and customer equipment are designed to operate at a certain rated or 
nominal supply voltage. A large, prolonged deviation from this nominal voltage can 
adversely affect the performance of, as well as cause serious damage to system 
equipment. Current flowing through the transmission lines may produce an unacceptable 
large voltage drop at the receiving end of system. This voltage drop is primarily due to 
the large reactive power loss, which occurs ad the current flows through the system. If 
the reactive power produced by generators and other sources are not sufficient to supply 
the system‟s demand, voltage will fall, outside the acceptable limit that is typically ±6% 
around the nominal value. 
System often requires reactive support to help prevent low voltage problems. The 
amount of available reactive support often determines power transfer limits. A system 
may be restricted to a lower level of active power transfer than desired because the 
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system does not posses the required reactive power reserves to sufficiently support 
voltage. 
 
 
 
 
2.3 Particle Swarm Optimization 
 
 
Particle Swarm Optimization (PSO) is a population based stochastic optimization 
technique developed by Kennedy and Eberhart. The method is derived from simulation 
of a simplified social model of swarms such as fish schooling and bird flocking, is based 
on a simple concept, has bee found to be robust for solving problems featuring non-
linearity and non-differentiability, multiple optima and high dimensionality through 
adaptation and provides high quality solutions with stable convergence.  
The individuals (particles) persist over time, influencing one another‟s search of 
the problem space, as compared with genetic algorithms where the weakest 
chromosomes are immediately discarded. Instead of using evolutionary operators to 
manipulate the individuals as in other evolutionary computation algorithms, each 
individual in the swarm flies in the search space with a velocity which is dynamically 
adjustable according to its own flying experience (velocity, inertia, gravity) and its 
coordinates in the problem space, which are associated with the best solution (fitness) it 
has achieves so far. This value is called pbest. 
 Another best value that is tracked by the global version of the particle swarm 
optimizer is the overall best value, and its location, obtained so far by any particle in the 
population. This called gbest. The basic concept of PSO technique lies in accelerating 
each particle towards its pbest and gbest locations at each time step. The modified 
velocity of each particle can be computed using the current velocity and the distance 
from pbest and gbest according to (1). The positions are modified using (2). 
 
       (1) 
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                                                                                                          (2) 
 
Where: 
  , : Uniformly random numbers between 0 and 1. 
   : Current velocity of individual i in dimension d at iteration k. 
   : Velocity of individual i in dimension d at iteration k+1. 
   : Current position of individual i in dimension d at iteration k. 
   : Position of individual i in dimension d at iteration k+1 
  : Dimension d of the pbest of individual i. 
  : Dimension d of the gbest of the swarm. 
  : The weighting of the stochastic acceleration that pull each     
               particles towards pbest and gbest (cognitive and social  
     acceleration constant respectively). 
   : Inertia weight factor that controls the exploitation and  
exploration of the search space by dynamically adjusting the 
velocity and it is computed using (3). 
 
 
       (3) 
 
Where: 
 : Maximum number of iterations; 
   : Current iteration number; 
   : Maximum inertia weight; 
             : Minimum inertia weight. 
 
The particle velocity is limited by the maximum value . 
 
 
